Introduction
In non-viral gene delivery, in order to achieve efficient delivery of a gene, one has to overcome three major barriers of a cell 187 • First, the DNA should cross the plasma membrane. Second, it should escape from the endosomal membrane and third, it should cross the nuclear membrane. The last step, 'nuclear import', is necessary for a gene to come in contact with the transcriptional machinery -of a cell, which is essential for the gene expression. Nuclear import efficiency of a plasmid is considered to be an important kinetic block that influences the transgenic expression in eukaryotic cells. Virus mediated transfections are considered to be more efficient due to their efficient nuclear import of DNA with the help of viral proteins. However, in non-viral gene delivery, nuclear import is unaided and is considered to reduce the transgenic expressions drastically. One attractive method to increase the nuclear import of plasmid DNA is to attach, covalently, a peptide sequence, known as NLS, to the DNA 72 . NLS, normally found with proteins that shuttle across the nuclear membrane through nuclear pore complexes (NPC) are extensively studied 188 • ·Proteins containing NLS are transported into the nucleus through interaction with one or more of a broad family of NLS receptors, termed as "importins" or "karyophirins"
189
• Recently certain DNA sequences have been shown to help in the nuclear import of plasmid DNA, once it is in the cytosol. Epstein-Barr-virus (EBV) oriP containing plasmid when transfected into cells stably expressing EBV nuclear antigen 1 (EBNA 1) showed up to 1 00-fold increase in luciferase expression 75 • This enhancement in gene expression was attributed to the increased efficiency of nuclear import of DNA upon binding to NLS containing EBNA 1. Chan C.K. and Jans D. A. 190 have shown that delivering DNA with modified GAL4 protein, a transcription factor can efficiently transport DNA to the nucleus from cytoplasm.
In this case NLS provided by the GAL4 helps in ferrying DNA across the nuclear pore. Incorporation of NFKB sequence was also shown to increase the nuclear uptake of the plasmid DNA upon induction with inducer, TNF-a or phorbol ester DNA purification columns were purchased from Qiagen. All the primers used in this study were synthesised in-house using Applied Biosystems 394 DNA/RNA synthesiser. All other chemicals were from Sigma Co, USA.
Construction of plasmid vectors:
pSV40enCMV~-gal and pSV40oriCMV~-gal were constructed as follows: first SV40 enhancer and SV40 promoter-enhancer-origin(SV40ori) were amplified from pGL3-control and pCH110 respectively using specific primers and cloned them in Sma I site of pBiueScript to get pBSSK-SV40en and pBSSK-SV40ori.
SV40 enhancer and SV40ori fragments were then removed from pBiueScript by jigesting with BamH I and Hind Ill and cloned in their respective sites in pCMV ~ al to get pSV40enCMV~-gal and pSV40oriCMV~-gal respectively. Sequences
Nere confirmed by automated sequencing and restriction digestion. By replacing Kpn I and Xba I fragments of pCMV~-gal and pSV40oriCMV~~gal containing ~ alactosidase gene with Kpn I and Xba I luciferase gene fragment from pGL3
Jasic, we constructed pCMV luc and pSV40oriCMV luc respectively. pCMV luc JTS was constructed by replacing Nhe I and BamH I ECFP gene fragment of JECFP-C1 with Nhe I and BamH I luciferase gene fragment from pGL3-basic.
JCMV luc ~SV40 was derived from pCMV luc DTS by digesting partially with Stu and Ssp I to remove about 300bp SV40 sequence and religating it. Plasmid ~onstructs pCMV Lux ~SV40 and pCMV Lux DTS were kindly provided by David ~ Dean. All plasmid constructs used in this study were prepared by using Qiagen nidi prep. columns according to manufacturers protocol. They were quantitated Jy 260nm absorbance and plasmid quality was checked on 1% agarose gel and ~60nm/280nm ratio. Description of all the plasmid DNA constructs used is shown n table 6.1.
Cell culture and transient transfections:
All the cell lines used were maintained as described in the experimental section luc has shown 2.5 fold increase over its control plasmid-pCMV luc, only in CV-1 cells ( fig. 6 .5C) and has no effect in other three cell-types. Reporter gene expression from pCMV luc DTS was either decreased or marginally increased in all the cell-types, compared to its respective control plasmid-pCMV luc ~SV40.
Presence of SV40 DTS was shown to be able to nuclear import pBR322, pUC19 and pGL3 basic plasmid, which do not otherwise have the ability to localise into the nucleus on their own 74 • Full-length SV40 DTS was shown to specifically enhance nuclear import by in situ hybridisation of microinjected protein-free plasmid DNA 74 . However, similar SV40 DTS-mediated enhancement in gene expression in different cell-types was not available. we could control the formation, stability and uptake of CLDC. CLDC formation is spontaneous involving long charged polymer interacting with a charged monomer that could self-assemble. This is a challenging process to exercise control.
Endocytosis is a complex process and to date the ligands that were used to investigate endocytosis are usually proteinaceous. Very little information is available on the endocytic processes evoked by liposomes and much less on compositional differences in liposomes. Neither there is unequivocal evidence on the influence of size and charge of the opsonin on the uptake efficiency by endocytosis.
endocytosis?
Are cationic vesicles preferred over anionic vesicles by
The role of co-lipid is not defined except by contrasting with inefficient co-lipids.
Phosphatidylethanolamine is better than phosphatidylcholine as co-lipid, hence destabilising effects of PE must be useful. Is this true? So far we do not have any in vitro proof for such hypothesis, since other lipids could be better than PC but may not be destabilising as PE. The purpose of lipid in transfection is to chaperone the DNA into the cell but dissociate at appropriate time. What is the role of co-lipid in such involved processes?
and very crucial for interpretation of data. Many reported methods of washing are incomplete and we find them unacceptable. This step may seem trivial but lack of control over the step confounds interpretation. Even a new buffer called "Cell Scrub" is marketed specifically for this step.
Lipid-mediated transfection, beside being a useful gene delivery protocol, offers an exciting· model system in the areas of self-assembly of polymer: monomers complexes and to investigate endocytosis.
